The flagella derived from 18 strains Bacillus subtilis were tested for their reaction with antiflagellar filament antibody and antiflagellin antibody. On the basis of their reactivity, at least five serologically distinct classes could be identified. Pep-tide map analysis of tryptic digests of the subunit proteins were consistent with the immunochemical analysis. Large differences in sequence existed among proteins of the different classes; proteins within an antigenic group differed by only a few peptides. Furthermore, 9 of the 27 tryptic peptides resolved were common to flagellin proteins from all the classes examined. The relationship between antigenic specificity, variability in peptide pattern, and the conformation of the flagellin protein are discussed.
The flagella derived from 18 strains Bacillus subtilis were tested for their reaction with antiflagellar filament antibody and antiflagellin antibody. On the basis of their reactivity, at least five serologically distinct classes could be identified. Pep- tide map analysis of tryptic digests of the subunit proteins were consistent with the immunochemical analysis. Large differences in sequence existed among proteins of the different classes; proteins within an antigenic group differed by only a few peptides. Furthermore, 9 of the 27 tryptic peptides resolved were common to flagellin proteins from all the classes examined. The relationship between antigenic specificity, variability in peptide pattern, and the conformation of the flagellin protein are discussed.
An extensive analysis of the antigenic components of Salmonella (8) flagella has demonstrated that a high level of immunological variation exists among the flagella of related strains. By contrast, no thorough comparative analysis of Bacillus subtilis flagella has been reported, even though such analysis might provide a simple means of distinguishing B. subtilis and related strains. We have prepared specific antisera against flagellar filaments derived from various strains of B. subtilis and against the monomeric protein, flagellin, which comprises the filament. These antisera were used to arrange strains of B. subtilis into discrete groups having specific antigenic characteristics. The basis for the immunological variation was further explored by comparing tryptic peptide maps of flagellin from the different serological classes. MATERIALS 5.2 used as buffer (2% pyridine, 1% acetic acid). The chromatograms were air dried overnight before chromatography in n-butanol-acetic acid-water (4:1:5) at right angles to the direction of electrophoresis. The chromatography step was repeated once to increase the resolution. Chromatograms were air dried and then dipped in the cadmium acetate-ninhydrin stain of Heilman et al. (4) . The color developed during overnight incubation at room temperature.
To compare peptide maps, the digest was run alone, and it was also mixed with a digest of the BD71 or W23 prototype. Comparison of the individual maps with that of the mixtures provided a sensitive method for demonstrating small differences.
RESULTS
Specificity of antiflagella and antiflagellin sera. Figure I B shows the reaction of antiflagellar antibody with flagellar filaments. At a dilution of 1/10,000 the antibody reacts with the filament but does not show direct complement fixation with flagellin subunits. On the other hand, the antiserum prepared against the subunits reacts strongly with the subunit protein but shows no reaction with flagellar filament (Fig. IA) . To further explore the specificity of these antisera, the heterologous antigens were tested for their ability to inhibit the homologous reaction. Flagellin is an effective inhibitor of the filament-antifilament reaction (Fig. 2) . On the other hand, filaments have no effect on the reaction between subunits and antisubunit antibody. We can, therefore, tentatively conclude that the antisubunit serum is highly specific for antigenic determinants that are revealed only in flagellin, whereas antibodies prepared against flagellar filaments can also bind the flagellin, but the reaction with flagellin is not extensive enough (3) to lead to complement fixation.
Cross-reaction with antiflagellar antibodies. Antisera were prepared against the flagellar filaments isolated from four strains of B. subtilis which appeared to be antigenically distinct in preliminary qualitative agglutination tests. The degree of cross-reaction between the four antisera and flagellar filaments from 18 strains of B. subtilis was measured by the radio-immune assay of Grant and Simon (3 Cross-reaction with antiflagellin antibodies. The degree of cross-reaction of seven different flagellins with specific antiflagellin antiserum was measured by complement fixation. The extent of cross-reaction was defined by the index of dissimilarity; an index of one corresponds to complete homology whereas an index greater than one indicates differences. The index for flagellin subunits ( assigned to a number of non-overlapping groups based on their reaction with antifilament antibody, the analysis of the cross-reaction with antisubunit antibody suggests that all of the flagellins share sufficient common antigenic determinants to give clearly measurable cross-reaction.
Fingerprints of flagellins. To further define the extent of homology and differences among the flagellins, tryptic peptide maps were compared. Figure 3 shows a comparison of fingerprints of BD71 and W23. There are clearly a large number of peptide differences between these strains. The data from an extensive comparison are shown in Table 3 . The 9524 and BD71 flagellin peptide maps were identical, in agreement with the high degree of antigenic cross-reactivity demonstrated with both antifilament and antisubunit sera. On the basis of the mapping data, 12695 flagellin differed from W23 by one or two tryptic peptides, supporting the observation that the two types of filaments as well as the flagellin 
DISCUSSION
The main conclusion that emerges from this work is that the marked variation observed in the amino acid sequence of flagellins in other bacteria (11) extends to B. subtilis. Strains such as W23 and BD71, for example, are genetically compatible, yet they show enormous differences in their peptide pattern; there are at least 10 peptide changes between these two strains. These differences are clearly reflected in the antigenic specificity of the flagellar filament and can be used to classify strains of B. subtilis according to serotype.
Antisera prepared against the filaments can be used for typing. These sera react with the filament but do not react extensively with the subunit. Among the 18 strains that were tested, they could be used to establish 5 rocally, there was no cross-reaction between anti-W23 and BD71 flagella.
In previous work in other laboratories, antisubunit sera were prepared in two ways, first by direct intravenous injection of flagellin (9) and second by injecting periodate-treated flagellin (10) . The antisera that resulted from both of these procedures contained high titers of antiflagellar filament antibody in addition to antisubunit antibody. We attempted a third distinct approach. Table 2) . For example, the difference between the BD71 and the ATCC 13542 strains (index of dissimilarity of 2.4) is comparable to the serological differences found in the tryptophan synthetase a subunit between E. coli and Salmonella typhimurium (12) . However, the antifilament serum was even more specific. We can speculate that the differences between these sera resulted from the antifilament antibodies being directed against regions of the protein that were unique to each class of flagellin and were phylogenetically very variable, whereas the antiflagellin antibody measured antigenic determinants that were relatively homologous and conserved.
The analysis of the tryptic peptides derived from the different classes of flagellin could be consistent with this interpretation. Proteins of the same class differed in only one or two peptides, whereas proteins of different classes contained extensive differences which could account for their unique antigenic reactivity with the antifilament serum. On the other hand, 9 of the 20 major peptides were present in all of the flagellins examined, and they may have been in part responsible for the similarities detected by the antiflagellin antibody. Furthermore, since antigenic homology is demonstrable only with the dissociated flagellin subunits, it is possible that the tryptic peptides common to all the strains represent regions that are not accessible to the antibody while the subunit is contained in the filament form, e.g., intersubunit binding sites or sites involved in maintaining the conformation of the subunit.
It clearly becomes difficult to try to interpret strictly both the serological data and the tryptic maps, because we do not know anything about the relative conformation of the various flagellins. Antigenicity derives from both the sequence and the tertiary structure of the molecule. Specific single amino acid replacements can markedly change the entire antigenic pattern of the flagella (7; S. Yamaguchi many other single replacements may be tolerated with only very small changes in antigenicity. In some kinds of comparisons, the problem of conformational change can be minimized. For example, Yamaguchi and Iino (16) were able to do genetic crosses between strains of Salmonella carrying different antigenic factors and obtain recombinant antigens. Upon analysis of the genetic, serological, and peptide pattern of these recombinants, it was found that they could be simply understood in terms of recombination of parental properties. However, this represents a relatively selective Etudy, and a simple linear interpretation may not hold for all the antigenic factors. Clearly, extending the antigenic as well as the peptide map analysis to a larger number of B. subtilis strains will help to give a clearer picture of the relative complexity of the relationship between the antigenic specificity and the primary and secondary structure of flagellin.
